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AN  INVESTIGATION  OF  THE  AERODYNAMIC  CHARACTERISTICS 
CP  ROT  AT  D3U  CIRCULAR  AND  TRIANGULAR  CYLINDERS 

By  R,  FL  Heald  and  L.  M.  Sargent 
1.  INTRODUCTION 


This  investigation,  u/naucted  on  request  of  representatives  of  the 
Chemical  Warfare  Laboratories,  Army  Chemical  Center,  Maryland,  ooncerned  the 
question  of  lift,  drag,  and  spin  magnitudes  developed  by  rotating  missiles 
haviig  circular  and  triangular  cross  sections^  The  models  used  in  the 
experiments  were  free  to  rotate  on  bali-bearing  spindles ,  and  were  driven  by 
air  impingement  on  narrow  blades  extending  lengthwise  along  their  surfaces. 
Xhe  models  are  shown  in  figure  1 ,  and  their  principal  dimensions  are  givon 

in  the  headings  of  table*  1  -  k*  In  the  cases  of  the  large  cylindrical 

u 

rotor  and  the  two  triangular  rotors,  the  lift  and  drag  forces  were  suf¬ 
ficiently  large  to  permit  measurements  on  the  flexure-plate  balance  as  well 
as  the  NPL  balance.  The  original  bearing  and  spindle  arrangement  which 
supported  each  model  was  used  in  each  set  of  measurements.  All  force 
measurements  were  xmd^  during  steady  rotation  of  the  models. 

The  experiments  wore  conducted  in  the  National  Bureau  of  Standards 
6- foot  wind  tunnel  at  air  speeds  ranging  between  53  and  275  feet  per  second. 
The  corresponding  range  of  Reynolds  Numbers  was  from  O.ii  z  105  to  3.3  x  10*, 
where  RN  «  ~  and  V  -  air  speed,  fps,  d  ■  basic  diametar  in  the  case  of 
the  circular  shapes  or  face  width  in  case  of  the  triangular  shapes,  feet, 
and  v  -  coefficient  of  kinasmtic  viscosity  fcr  air  at  15*C  and  760  ■  Hg  ■ 
0.0000157  ft^/i s*o»  • 

2.  EXPERIMENTAL  FROCIDtEES 

The  measurement*  for  tbs  weal]  cylinder  were  all  made  using  the  hlX-type 
of  spindle  aerodynamic  balance  which  has  maximum  lift  and  drag  force  capaci¬ 
ties  of  about  3  pounds  each  and  is  graduated  to  0.001  pound.  As  previously 
indicated  the  forces  acting  on  the  other  three  models  were  measured  on  both 
the  KFL  balance  and  the  high-capacity  flexure* plats  balance.  On  the  latter, 
measurements  can  be  obtained  with  an  aoeuracy  of  about  0.2  pound. 


attached  endwise  a* 


Each  of  the  medals  was  supported  by  s  5/16- inch  ball 
kched  endwise  as  shmm  la  figure  1.  Lift  ead'tfrug  ama 
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on  each  model  at  a  number  of  air  epeeda  during  (steady  etate  rotation.  The 
rotational  speeds  were  determined  by  strcbotac  at  the  time  the  force  measure- 

**ients  were  amde. 

Tht.  acceleration  time  of  the  triangular  models  was  determined  at  an  air 
speed  slightly  above  70  miles  per  hour.  For  these  measurements  the  model  wa* 
held  stationary  from  outside  tne  wind  tunnel  while  the  air  speed  in  the  tunnel 
was  adjusted  to  the  desired  steady  value.  When  this  was  obtained  the  model 
was  released  ani  rotation  began.  The  time  required  for  the  model  to  reach 
steady  state  rotation  from  rest  was  determined  using  a  timer  reading  to  0.01 

second. 

3.  RESULTS 

The  results  of  this  investigation  are  given  in  tables  1  -  U  and  the 
summary  table  5  which  is  based  on  mean  values.  They  aro  »hnwn  plotted  in 
figures  2-5.  The  curves  shown  in  the  figures  were  faired  through  the 
plotted  values  of  rotational  speed,  lift  coefficient  CL  ,  drag  coefficient 
C  ,  and  the  ratio  °L  given  in  the  tables.  For  clarity  individual  poiits 

are  not  shewn  on  the  figures. 

3.1  Rotational  Characteristics 

As  shown  in  figure  2,  the  rotational  speed  of  the  small  rotor  varied 
linearly  with  air  speed  within  experimental  limits >  the  values  ranging 
1690  rpm  at  a  wind  speed  of  36.3  «ph  to  10750  rpm  at  156.8  mph.  For  the  teat 
range  the  mean  value  of  the  ratio  of  rotational  speed  in  rj»  to  wind  speed  in 
vph  was  60.1  (table  5).  The  mean  value  of  the  ratio  of  tip  apeed  in  fps  to 
air  speeu  in  fps  for  this  rotor  was  0. 2bS. 

The  rotational  speeds  of  the  large  cylindrical  rotor  and  the  two  tri- 
retort  departed  appreciably  fror.  a  linear  relationship  with  air  speed 
in  the  higher  apeed  regions,  poaaibly  as  a  result  of  model  and  ehaft  distor¬ 
tion  with  consequent  increased  bearing  friction.  The  apeed  ratios  for  *bsee 
roters  are  also  given  in  table  5.  Acceleration  times  were  7.67  secede  et  a 
wind  apeed  of  71.1  *>h  for  the  triangular  rotor  equipped  with  90*  fins,  and 
lu57  Mcordi  at  72.7  aph  for  the  rotor  with  120*  fine. 
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3.2  Lift  and  Drag  Characteristics 


The  results  of  the  force  measurements  are  given  in  tables  1  -  li  and 
are  summarized  in  table  5.  In  general  the  data  for  the  large  cylinder  and 
those  for  the  two  triangular  shapes  which  were  obtained  using  the  two  dif¬ 
ferent  balance  sjetema  are  in  fair  agreement.  As  previously  indicated,  the 
flexure-plate  balance  is  not  well  adapted  to  the  measurement  of  small  forces, 
i.  e. ,  those  amounting  to  less  than  about  5  pounds.  Although  there  is 
considerable  range  in  the  values  of  drag  coefficient  with  Reynolds  Nustoer, 
the  mean  values  of  for  the  two  circular  cylinders  do  not  differ  greatly 
in  the  range  of  Reynolds  Nuabcra  of  the  experiments,  0. 1  x  io?  tO  la  6  X  10* 
for  the  small  cylinder,  ana  0.7  x  10*  to  3. 3  x  10^  for  the  large  cylinder. 

For  these  ranges  of  Reynolds  Nusbers  and  including  the  data  taken  on  both 
balances,  the  msan  value  of  drag  coefficient  for  the  large  cylinder  is  1.031 
as  against  a  mean  value  of  l.Olf)  fcr  th*  small  cylinder.  Correspondingly, 
the  mean  values  of  the  lift  coefficient  were  0. 46I  for  the  large  cylinder 
and  0.610  for  the  small  one.  However,  the  values  of  lift  coefficient  for 
the  small  cylinder  obtained  on  the  spindle  balance  indicate  the  presence  of 
substantial  Reynolds  Nusbor  effects,  ranging  downward  from  0.661  at 
R.  N.  -  0.405  x  10*  to  0.  US  at  R.H.  •  1.678  x  10*.  The  measurements  of  lift 
of  the  large  cylinder  which  were  made  on  both  balances  indicate  rather  small 
scale  effects  in  the  lower  range  of  Reynolds  Nusbers,  i>e. ,  between  0. 7  x  10* 
end  about  Lb  x  w5.  The  date  for  the  large  cylinder,  obtained  using  the 
flexure-plate  balance,  indicate  an  increase  in  of  about  25  percent 
between  R.M.  •  1.7  x  10*  and  2. 8  x  10  .  In  the  vicinity  of  the  letter  value 
of  R.H.  the  indications  are  that  has  reached  a  maxisun  and  is  vending 

to  Jecrsas*  at  R.M.  ■  3*33  x  ID".  Tie  variation  of  Sl  with  Reynold*  Mustier 


for  both  circular  cylinder*  shews  tbcut  the  earn*  pattern  as  versus  R.K.  , 

since  Cq  varies  relatively  slightly  with  K.X. 

Or  the  basis  of  mean  salute  the  triangular  rotor*  show  La^r  value*  of 
both  lift  end  drag  coefficient  in  the  test  range  than  do  the  cylindrical 
rot  or  a.  As  shewn  in  tab  la  5,  the  aaan  value  of  for  the  triangular  rotor 
with  90 *  fine  is  0.76<*,  ttaa  lnllvldaal  values  rar*if*  from  0. 62u  tc  0.85 9. 

The  m**a  vale*  of  ^  for  the  trial* alar  rotor  o<julpped  with  120*  ttm  la 
0.828,  individual  values  ramglmg  frm  0.7*;  to  0.725.  The  meam  wluoe  of 
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Cp  for  the  90*  fin  rotor  is  1.392  compared  with  1.577  for  the  rotor  equipped 
with  120*  fins.  In  the  former  case.  Individual  values  of  range  from 
1.31|8  to  1.1*71;  In  the  latter  case,  the  range  is  from  1. 1*18  to  1.706.  The 

Q 

mean  value  of  _L  for  the  triangular  rotor  equipped  with  90*  fins  is  17  per 
CD 

cent  greater  than  that  for  the  rotor  with  120*  fins. 

lu  CONCLUSION 

The  lift  and  drag  characteristicf  of  the  four  rotors  included  in  these 

experiments  show  considerable  variation  with  Reynolds  Number  in  the  test 

0 

range.  The  values  of  lift  and  drag  coefficient  and  L  decrease  continu¬ 
al) 

ousDy  as  the  Reynolds  Number  is  increased.  On  the  other  hand  values  of  CT , 
Cr  ,  and  for  the  large  cylindrical  rotor  show  less  consistency  with 


inc reared  Reynolds  Nuaber.  Referring  to  figure  3*  for  this  cylinder 
shows  a  decrease  of  the  order  of  10  per  cent  from  about  0. 1*8  between  R.N.  - 
0.7  x  10*  and  1*7  x  10* ,  followed  by  an  Increase  above  the  minimum  value 
(of  about  0. 1*3)  amounting  to  about  1*0  per  cent  at  the  maximum.  Two  points 
above  R.N.  ■  2.8  x  10*  indicate  the  rate  of  increase  in  this  region  to  be 
lessening.  The  values  of  for  this  rotor  show  considerably  less  varia¬ 

tion  with  R.N.  than  the  values  of  C^.  The  range  of  is  of  the  order  of 
15  per  cent,  generally  upward,  and  then  downward  as  R.N.  1s  increased  from 
0.7  x  10*  to  3*3  x  10*.  The  value  of  ■  1.00  at  3#  3  x  10*  is  close  to 

that  at  R.N.  -  0.7  x  IQ'’.  Variations  in  the  value*  of  °L  with  R.N.  for 

7 J" 

this  model  follow  somewhat  the  same  pattern  as  of  C^.  D 

The  values  of  lift  coefficient  for  the  two  triangular  rotors,  excluding 
three  divergent  points,  and  their  means  differ  by  only  a  few  per  cent.  In 
both  cases  a  downward  trend  in  is  shown  for  values  of  &.M.  above  1.8  x 
10*  .  The  shapes  of  tho  vs.  R.M.  curves  differ  quit*  appreciably,  the 

values  of  for  the  triangular  rotor  equipped  with  120*  fins  averaging 
about  lb  per  cent  greater  than  for  the  rotor  with  90*  fins. 


For  the  Director, 

M  SI 


C.  2.  Srhwbauer,  Chief 
Fluid  Mechanic*  Section 
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Table  2 

Cylindrical  Rotor  (Large) 

<VWbA*> 

th  7.62  inches,  Diameter  2.50  inches 
igle  >3  degrees,  Fin  Width  0.230  inches 
M  ft- J  Drag,  and  Rotational  Speed 
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Table  3 

Triangular  Rotor  (90*  Fins) 

;th  10.00  inches.  Width  of  Face  3*25  inches 
i  Angle  90  degrees.  Fin  Height  0.1*3  inches 
Lift,  Drag,  a m  Rotational  Speed 
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h  10.00  inches,  Width  of  Face  3 -.25  inches 
Aneltf  120  degrees.  Fin  Height  0.  u3  inches 
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Figure  1 

Viow  of  the  four  nodele.  Reading  from  left  to  right*  Triangular  Rotor, 

90  degroo  fine;  Large  Cylindrical  Rotor  (C^-DgLjH^A^Bg)!  Snail  Cylindrical 

Rotor  (C.  -D.L.H_AJJ_ ) i  Triangular  Rotor.  120  degree  fine. 
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